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Objective
• Chain dragging, which is also known as impact sounding, has been
used successfully to detect defects in concrete structures.
• Electronic sounding, such as chirp sounding, has also been shown to
be able to detect damage in concrete structures.
• Objective of this research is to:
• Develop automated impact sounding data analytics where the
quality of the sounding signal can be improved drastically.
• Develop machine-learning approaches to improve the reliability of
detection of delamination and defects.
• Further develop an electronic sounding tool for autonomous
evaluation of concrete and metallic structures.

Literature
Chain Dragging & Impact Sounding using Hammer
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Chain Dragging & Impact Sounding using Hammer

The hatched areas correspond to
the delaminated regions detected
by chain drag and hammer
sounding.
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Literature
▪ Popovics (2010) has proposed a conceptual full-lane scanning device for
impact sounding and has shown significant potential of impact sounding
for bridge deck inspection.

Literature
▪ Popovics (2010) has proposed a conceptual full-lane scanning device
for impact sounding and has shown significant potential of impact
sounding for bridge deck inspection.
▪ Further research on mitigating noise effect is needed to develop this
methods for the inspection of decks and other concrete surfaces.

Delamination

Literature
▪ Sun et al. (2018) has developed an automated acoustic scanning
system for delamination detection of bridge deck. A new ball-chain
sounding system was proposed to obtain soundings with less
noise.

Literature
• A recent NCHRP study on “Inspection Guidelines for Bridge PostTensioning and Stay Cable Systems Using NDE Methods”, NCHRP
848, has shown that impact sounding is the most effective method
among NDE methods for detecting voids in cable ducts and
anchorages.
Impact sounding

(Source: NCHRP 848)

Literature
• Recently, many studies have been carried out to replace the
mechanical hammer sounding device with the electronic sounding
tools for damage detection of structures [Akamatsu et al. (2013),
Dai et al. (2013)].

• It has been noted in the previous studies that the detection
results of electronic sounding are usually affected by the
directionality and loudness of the sounding source.

Challenges
• Frequently, the sounding data is covered or
corrupted by traffic and environmental noise.
• This noise affects the quality and reliability of
detection.
• There is also a need to develop advanced data
analysis approaches to automatically detect
delamination.
• Machine-learning approaches can be used to
improve the reliability of the detection results.

Empirical Mode Decomposition (EMD)
• Assumption: any data consist of different simple
intrinsic modes of oscillations.
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Empirical Mode Decomposition (EMD)
• Physical meaning of IMFs
Hammer sounding + added traffic noise

Hammer sounding

Traffic noise

Hilbert- Huang Transform (HHT)
• Hilbert–Huang transform (HHT) is a two-step method for analysis of
nonlinear and nonstationary signals.
• The first step is empirical mode decomposition (EMD) that decomposes
the original signal into a finite number of IMFs.
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✓ The second step of HHT is Hilbert transform that produces an orthogonal
pair for each IMF that is the phase shifted by 90 degrees.
Hilbert transform for each IMF:

Hilbert Huang Transform:
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The delaminations were simulated by plexiglass sheets, which were
placed at depth of 2.5 and 6 inches.
The honeycomb was created by loose aggregates.
The void defects were built using styrofoam board.

Crawler Suction Data Collection Setup
Crawler

(Collaboration with Prof. Jizhong Xiao
from Department of Electrical
Engineering, CCNY)
Microphone

Crawler to vibrate the slab with suction,
microphones placed closely for data collection

Crawler Suction Data Collection Setup
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❑Sounding Tool Prototype Testing:
➢
➢

Data were collected for concrete surface with defects and the
steel girder with artificial cracks.
HHT and PSD analysis have been found useful in detecting
these defects.
Concrete girder with
void areas
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Sounding Tool: Collecting Sample (concrete)

Testing of Concrete girder using
Electronic Sounding Tool
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Sounding Tool Testing on Steel Girder
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❑Sounding Tool Further Development:
➢

Key components:
✓

Desired speaker with resonant frequency in delamination range

✓

Array of mems microphones for unidirectionality and noise
cancellation

✓

Tracking camera for tracking the work/data collection

✓

GPS for giving the locations

✓

3D printer for printing the directional tube

MEMS microphone

Intel tracking camera T265
GPS (centimeter accuracy)

Exploring the Use of Laser Doppler Vibrometer
(LDV) in Detecting Damages in Concrete Slabs
Laser Doppler
Vibrometer
(LDV)
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• Anticipate void concrete surface having
different vibration mode/behaviors
compared to solid deck.

Exploring the Use of Laser Doppler Vibrometer
(LDV) in Detecting Damages in Concrete Slabs

(Collaboration with Prof. Wei from Department of
Computer Science, CCNY)
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Conclusion
• The aerodynamic noises (suction) from the crawler have been
found to be able to excite the surface of the concrete slab. The
shallow delamination and cracking in the concrete slabs were
found to be effectively detected based on the suction data
analysis.
• A high-directional electronic sounding tool was developed and
tested on actual concrete/steel members with defects. Based on
the HHT analysis of collected sounding data, the sounding device
was shown to be useful for defect detection in concrete
(void/cracks) and steel members. Further development is under
progress to make this tool integrated with GPS and vision-mapping
technologies for practical inspection use.

Conclusion
• The combination of LDV and impact sounding has been
explored for automate/remote damage detection in concrete
slabs.
• Preliminary results have shown that LDV can measure the
surface response excited by impact sounding with highaccuracy, from which useful features can be extracted by the
HHT analysis for fast defect detection in concrete structures.
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